The hypereutectoid alloys are the commonly used for the tool manufacturing. The high carbon content prevent the high hardenability and presence of the secondary cementite precipitation in microstructure. High hardness of such materials provide the good wear resistance required for tool materials. New hypereutectoid alloys designed for the investigations of secondary cementite precipitations influence on wear resistance have been investigated. Materials were prepared by the use of the ArcMelter furnace. After the plastic deformation materials were annealed at 700°C by 12 h to homogenize the microstructure. After the annealing the calorymetry and dilatometry research were performed. The following research allow authors to state that the increase of the carbon content resulted in the change of A CCM temperature. To obtain the most similar properties of the matrix investigated materials were alloyed by the addition of Cr and Mn. It was confirmed by the same temperature range of the eutectoid transformation for each material. Additionally the influence of Mn and Cr on cementite dissolution process was observed.
INTRODUCTION
Hypereutectoid steels are characterized by the high carbon content. High amount of the carbon, above the eutectoid point, resulted in the formation of the secondary carbides in microstructure. This precipitations in a great way influent on the mechanical properties [1÷4] .
Cementite is a metastable iron carbide with the rhombic crystallographic structure and structural formula M 3 C. In cementite particles also could dissolve Cr, Mn, V, Mo, Ti, especially in the case of alloyed steels. It have been shown that the Cr and Mn dissolved in pure cementite increases the temperature of the cementite formation. Additionally, this elements increase the cementite hardness by approximately 3.5 GPa for the 20 mass % of Cr and by 5 GPa for 30 mass % of Mn. The thermal stability of cementite is more significant for the Cr addition than Mn. This alloying elements also increases the Young module of the cementite. It should be noted that with the increase of the alloying elements content also increase a linear expansion coefficient of cementite. Manganese increases resulted in a constant increase of α coefficient with temperature, in pure cementite this relation is opposite. Whereas the 20% mass Cr addition stabilized the α at value 25.5×10 -6 K -1 at the temperature range from RT to 1273 K (for a pure cementite 16.2×10 -6 K -1 above 481 K). Titanium addition to pure cementite resulted in its destabilization and formation of more thermodynamic stable titanium carbides [5÷7].
It should be noted that the relevant are thermodynamic correlations between the cementite and ferrite/austenite. Enthalpy of the cementite formation in a Fe-C system is about 27.0 kJ/mol [6] . In a Fe-C system in a traditionally used iron alloys, cementite is a part of the eutectoid mixture or could be formed as a precipitations from the liquid/austenite/ferrite. In a case of the eutectoid transformation two main mechanisms of the perlite formation were featured. Shortrange diffusion, by which carbon is partitioned between the two phases and long-range carbon diffusion related to the heat flow vector. In the systems with the higher alloying elements concentration more important become the alloying elements diffusion and their partitioning between the cementite and matrix. This parameters in a significant way influent on the carbon activity and intensify perlite colonies formation. In the case of secondary cementite the formation of this carbides would be depended on the decreasing carbon solubility in austenite and carbon diffusion ratio in austenite. Manganese and chromium in a equilibrium state with austenite dissolve in cementite in a 30 at. % and 20 at. %, respectively [8÷12] .
It was shown that the Cr and Mn significantly increase the driving force for the perlite to austenite transformation. Additionally delaying of the cementite dissolution and spheroidization. Increase of the cementite dissolving time is related to the decrease of carbon diffusion rate in steel due to the Cr and Mn addition. Manganese addition favour the more inhomogeneous coarsening and spheroidization of cementite particles also [13÷15] .
Due to the complex influence of the alloying elements on the cementite properties especially in elevated temperature the aim of the presented research is an analysis of the alloying cementite temperature stability range. Additionally the morphological analysis of the cementite particles after the heat treatment is presented. All this research were performed for the new designed hypereutectoid alloys with the controlled C, Mn and Cr content.
MATERIAL AND EXPERIMENTAL PROCEDURE
Material for the investigation were hypereutectoid iron alloys with the controlled carbon, manganese and chromium content. The chemical composition of investigated materials, obtained by the spark spectroscopy is presented in Table 1 . Analysed materials were new alloys designed by the authors, to investigation of the secondary carbides influence on the hypereutectoid steels properties. Controlled increase of the carbon content was designed to increase the volume fraction of secondary cementite. Higher volume fraction of the secondary carbides could depleted the material matrix at the Mn and Cr, as a consequence changing its mechanical properties. Materials were prepared by the use of ArcMelter Furnace, under the argon atmosphere. Melting process were performed on the water cooled copper mold. Investigated alloys were five times remelted, rotated by 180° along the material axis before each melt for better material homogenization after melting. Obtain materials were plastically deformed by the hot rolling in 1100°C with the true strain about 48%. The plastic deformation was followed by the annealing in 700°C by 24 h. to obtain the homogenous/spheroidal microstructure suitable for thermal analysis of cementite precipitations stability. Masses of investigated materials were about 100 g each. Microstructure of model alloys was investigated by the light and electron microscope. Dilatometric research were performed by the use of Linseis L78 R.I.T.A. dilatometer, samples dimension ø3×10 mm. They were heated up to 1200°C with the heating rate 20°C/min. For the calorymetry research the SDT Q600 calorimeter was used. Samples for the calorymetry analysis had mass about 30 μg. Calorymetry samples were heated up to 1500°C with the heating rate 20°C/min. The dilatometry and calorymetry analysis were performed under the argon atmosphere.
RESULTS AND DISCUSSION
Microstructure of investigated materials in as-cast state were characterized by the dendritic character of crystallization. Two different zones obtained after the crystallization were observed. The first zone at the samples bottoms were characterized by the area of frozen crystals. This character of the microstructure was strictly related to the highest cooling rate during crystallization in this area. The second zone was characterized by the dendritic microstructure. Microstructure of the dendrites was martensite with the retain austenite. The retain austenite is located between the martensite needles. In a interdendritic regions the austenite microstructure were observed. Both in the area of frozen crystals and in a dendrite regions some quenching cracks were observed. Cracking was observed at all three investigated materials. It was related to the high quenchability of the obtained materials and high cooling rate during the materials casting. Increase of the carbon, manganese and chromium content resulted in higher volume fraction of austenite in the interdenritic regions and increase of martensite needles width. The higher susceptibility for the cracking was observed in the materials with the lowest concentration of the alloying elements. It was related to the highest volume fraction of retain austenite in compere to the rest of the samples. Higher amount of retain austenite resulted in relaxation of microstructural stresses during the material cooling. Microstructure of investigated materials in an as-cast state is presented in Figure 1 .
After the plastic deformation and heat treatment microstructure of investigated materials was characterized by cementite precipitations in ferritic matrix. For the first sample the cementite precipitations are located in the grains and some volume of the cementite were located at the grain boundaries. Rest of the samples exhibits more homogenous microstructure after the annealing (Fig. 2a÷c) .
The analysis of the precipitations diameter and size distribution after the annealing is presented in Figure 3 . It should be noted that the higher amount of the smaller particles is observed for the I.1 sample. With the increase of the alloying elements concentration the amount of the smaller particles decreases, in favour of particles with the higher diameters. The equivalent particle diameter for the cementite in analysed alloys shows the simultaneous increase with the C, Mn and Cr content. However the increase of the particle diameter observed for the first two alloys could be related only for the higher concentration of the Mn and Cr content, due to the small differences in the C concentration between this two alloys. It indicates that higher size of the cementite is a result of Mn and Cr concentration, but C increase particles volume fraction.
Dilatometric analysis have shown that the temperature of eutectoid transformation for the all investigated alloys are almost similar. The ferrite dissolution start temperature is about 710°C for the first alloy, 720°C for the second, and 740°C for the last. The end of the ferrite dissolution was about 840°C for all alloys. Cementite in investigated alloys is stable to above 1000°C. The highest value of the a) b) 
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Calorimetric analysis have shown the same character of the phase transformation in investigated materials. Also the highest temperature of the cementite dissolution was observed for the sample with the highest carbon concentration. Calorimetric analysis have shown that the A C1S temperature for all investigated materials was the same. This was probably related to the smaller size of the sample because on the results of dilatometric analysis effect the temperature distribution at the sample. Additionally the magnetic transformation of the iron also could influent on the obtain results. In the case of the calorimetric methods energy effect of the magnetic transformation in this alloys could not be visible compared to the energy effect of the transformation. In the case of the calorimetric method the A CCM' temperature was noted. Bellow this temperature the dissolution of cementite is controlled by the carbon activity in the system and above by the activity of the alloying elements in the carbide [15] . For the all three alloys this temperature is marked at 960°C. Above this temperature the most important for the carbides dissolution become a Mn and Cr concentration, it could explain the differences between the A CCM temperature between the first and second sample. The calorimetric curves are presented in Figure 5 .
The equal values of temperature of the eutectoid transformation for the investigated alloys indicates that all alloying elements added to balanced matrix chemical composition are redistributed between the matrix and cementite precipitations. It is clearly visible on the calorimetric investigations. The same results was obtain by the analysis of the A CCM' temperature. Substantial changes could be observed only above this temperature. According to the literature the first stage of the cementite dissolution during heating from the ferrite/ cementite system is controlled by the diffusion of carbon and alignment of the carbon concentration between the material matrix and precipitations. The next stage of cementite dissolution is controlled mainly by the activity and diffusion of the alloying elements such as Mn and Cr [6, 10, 11, 13] . At the temperature of the materials annealing the main factor which influenced on the spheroidization was the carbon diffusion. It is well visible in the case of first two alloys. Higher volume fraction of smaller cementite precipitations in I.1 sample compared to second alloy is related to the lower mobility of the alloying elements in this temperature. This effect favour C diffusion to previously precipitated carbides than formation of new one particles. It is visible as the lower volume fraction of cementite in second alloy with the higher average equivalent diameter of particles. The change in the mechanism of the cementite dissolution also explain the differences between the A CCM temperature. To the 960°C the main mechanism of carbides dissolution is controlled by diffusion of carbon, above this temperature the more intensive meaning has the Mn and Cr diffusion. Due to this relation it could be explain why the alloys with the similar carbon concentration are characterized by the different values of the A CCM temperature and size distribution of the cementite after the soft annealing of the alloy.
CONCLUSIONS
Performed dilatometric and calorimetric investigations have shown the strong relationship between the chemical composition and the thermal stability of cementite in hypereutectoid alloys.
After the spheroidization annealing the alloys with the higher concentration of C, Mn and Cr were characterized by the bigger equivalent particles diameter. Increase only in the Mn and Cr concentration resulted in the higher value of the equivalent particles diameter due to the lower diffusion of this elements and controlled only by the carbon, grow of the previously precipitated carbides.
Dilatometric and calorimetric analysis have shown that A CCM temperature increase simultaneously with the C, Mn, and Cr content. For two first alloys with the similar carbon content the Mn and Cr shift the A CCM temperature to the higher values. It was noted that the A CCM' temperature was appointed on the calorimetric curves and defined by the authors as a temperature where probably the change of the cementite dissolution mechanism occurred. Below this temperature the cementite dissolution is mainly controlled by the carbon activity in the system and above that the more important become a activity and diffusion of manganese and chromium.
